Context. Detecting and characterizing circumstellar dust is a way to study the architecture and evolution of planetary systems. Cold dust in debris disks only traces the outer regions. Warm and hot exozodiacal dust needs to be studied in order to trace regions close to the habitable zone. Aims. We aim to determine the prevalence and to constrain the properties of hot exozodiacal dust around nearby main-sequence stars. Methods. We searched a magnitude-limited (H ≤ 5) sample of 92 stars for bright exozodiacal dust using our VLTI visitor instrument PIONIER in the H band. We derived statistics of the detection rate with respect to parameters, such as the stellar spectral type and age or the presence of a debris disk in the outer regions of the systems. We derived more robust statistics by combining our sample with the results from our CHARA/FLUOR survey in the K band. In addition, our spectrally dispersed data allowed us to put constraints on the emission mechanism and the dust properties in the detected systems. Results. We find an overall detection rate of bright exozodiacal dust in the H band of 11% (9 out of 85 targets) and three tentative detections. The detection rate decreases from early type to late type stars and increases with the age of the host star. We do not confirm the tentative correlation between the presence of cold and hot dust found in our earlier analysis of the FLUOR sample alone. Our spectrally dispersed data suggest that either the dust is extremely hot or the emission is dominated by the scattered light in most cases. The implications of our results for the target selection of future terrestrial planet-finding missions using direct imaging are discussed.
Introduction
Debris dust around main sequence stars has often been related to the presence of colliding planetesimals left over from the planet formation process (see Krivov 2010 and Matthews et al. 2014 for recent reviews). As for the most readily observable components of planetary/planetesimal systems (i.e., systems potentially composed of planets as well as small bodies orbiting the star), such debris disks are thought to give significant insight into the architecture, dynamics, and evolution of these systems (e.g., Kalas et al. 2005; Chiang et al. 2009; Boley et al. 2012; Beust et al. 2014; Wyatt 2003; Kuchner & Holman 2003; Kuchner & Stark 2010; Eiroa et al. 2011; Ertel et al. 2012a,b; Thebault et al. 2012; Krivov et al. 2013 ). However, in most debris disks observed so far, the known dust is located in the to dust in the habitable zone of main sequence stars owing to the relevance of this kind of dust for detecting exo-Earths (e.g., Stark & Kuchner 2008; Defrère et al. 2010; Millan-Gabet et al. 2011; Roberge et al. 2012; Kennedy & Wyatt 2013) .
It is important, however, to note that the zodiacal dust in the solar system extends well beyond the borders of the habitable zone. In fact, its global radial distribution has been shown to extend continuously and with inwardly increasing surface density from a few AU from the sun down to a fraction of an AU, where it forms the F-corona (Kimura & Mann 1998; Hahn et al. 2002) . Likewise, it is expected that extrasolar analogs to the zodiacal dust cloud (exozodis) will span a broad range of distances, encompassing the habitable zone, but not being limited to it. In this paper, exozodiacal dust disks, or exozodis, will thus refer to any hot and/or warm dust located within a few AU from a star, down to the region where dust grains sublimate. While Kuiper belt-like debris disks emit the majority of their radiation in the far-infrared and the emission of dust in the habitable zone around a star peaks in the mid-infrared, a significant contribution from exozodiacal dust grains very close to the sublimation distance is expected to extend the emission of exozodis toward near-IR wavelengths.
Warm dust around main sequence stars showing extreme emission in the mid-infrared has been discovered photometrically or spectroscopically mostly by space-based observatories (e.g., Lisse et al. 2008; Lawler et al. 2009; Lisse et al. 2009 ), but these extreme systems are found to be rare with an occurrence rate of only ∼ 1%. The large number of stars observed in the mid-infrared by the Wide-Field Infrared Survey Explorer (WISE) recently allowed Kennedy & Wyatt (2013) to detect photometrically in the mid-infrared a reasonably large sample of excesses due to exozodiacal dust for a statistical analysis. However, this is limited to the brightest excess sources with a diskto-star flux ratio >15%. Furthermore, these observations not only may trace warm dust, but may also be contaminated by the warm end of the emission of cold dust in the system, far away from the habitable zone. The first detections in the near-infrared of systems showing a small, possibly more common excess of ∼ 1% attributed to the presence of hot, exozodiacal dust have been reported by Absil et al. (2006) , di Folco et al. (2007) , and Absil et al. (2008) . Detecting this dust against the bright stellar photosphere requires spatially resolved, high contrast observations, since the photometric accuracy is usually insufficient. Coronagraphy is limited by the large inner working angles of usually >100 mas of available instruments and the small extent of the systems, because 1 AU at 10 pc corresponds to an angular distance of 100 mas from the star. Thus, near-or mid-infrared interferometry is the only technique available so far that allows for detecting and studying such systems.
It is, however, important to note that observations in the near-infrared are sensitive only to the hottest dust component of exozodiacal systems 1 . On the other hand, our knowledge about our own zodiacal dust is highly biased toward its properties near the orbit of the Earth due to various observations by space-based infrared facilities (e.g., Sykes 1988; Berriman et al. 1994; Pyo et al. 2010 ), the problems arising from observations of faint, extended emission very close to the Sun, and the naturally increased interest in this region. Furthermore, the radial 1 One might call this component "exo-F-corona", but in order to avoid unnecessary complexity in the terminology we stick to "hot exozodiacal dust" or just "exozodiacal dust". We keep in mind that the border between the F-corona and the zodiacal disk is not well defined and that, depending on the focus of the respective publication, one is often just considered an extension of the other. distribution of the dust around other stars does not necessarily follow that of our zodiacal dust. As a consequence, connecting detections in the near-infrared to dust in the habitable zone around these stars or the zodiacal dust is not straightforward. Nonetheless, this kind of observation provides a valuable data set for investigating the dust content of the inner regions of extrasolar planetary systems.
Earlier publications mostly focused on reporting and studying single, new detections. Major advances have been made recently by two surveys on the Keck Interferometric Nuller (KIN) in the N band (Millan-Gabet et al. 2011 ) with three detections out of 22 targets and the Center for High Angular Resolution Astronomy (CHARA) array in the K band ) with 13 detections out of 42 targets. They represent the first attempts to statistically study the incidence of exozodiacal dust depending on different parameters of the systems, such as the stellar spectral type, age, and the presence of a Kuiper belt-like debris disk. In particular, the CHARA survey revealed first correlations, although conclusions were limited by the small sample size. These statistics tentatively suggest that the incidence of the circumstellar emission correlates with spectral type (more frequent around stars of earlier spectral type) and -in the case of solar-type stars -with the presence of significant amounts of cold dust detected through its far-infrared excess emission.
In the present paper we extend the sample of the CHARA survey toward the southern hemisphere and toward fainter stars using our Very Large Telescope Interferometer (VLTI) visitor instrument Precision Integrated Optics Near Infrared ExpeRiment (PIONIER, Le Bouquin et al. 2011) . We increase the sample size by a factor of three. In addition, the simultaneous use of four Auxiliary Telescopes (ATs) allows us to obtain closure phase measurements, directly distinguishing between uniform circumstellar emission and a companion being responsible for the excess found. Finally, our low spectral resolution data dispersed over three spectral channels in the H band allow us to draw conclusions on the spectral slope of the excesses detected and thus on the nature of the emission and on the dust properties.
We present our sample selection in Sect. 2. Our observing strategy and data processing are explained in Sect. 3. In Sect. 4, our results are presented and discussed. Statistics on the broad-band detection rate in the PIONIER sample are presented in Sect. 4 .2, and we analyze the spectrally dispersed data in more detail in Sect. 4.3. In Sect. 5 we merge the VLTI/PIONIER sample with the CHARA/FLUOR sample and derive more robust statistics. A summary and conclusions are presented in Sect. 6.
Stellar sample
In this section, we present the stellar sample for our PIONIER survey and, in general, suggest guidelines for the target selection of future near-infrared interferometric search for exozodiacal dust.
Sample creation
In the following, we distinguish between a Kuiper belt-like debris disk or cold dust and exozodiacal dust or hot dust. The former refers to dust between several AU and a few hundred AU from the star, most likely produced by larger bodies in collisional equilibrium over the age of the system, and predominantly emitting thermally in the far-infrared. The latter refers to dust between the sublimation radius and a few AU from the star, predominantly emitting thermal radiation in the near-and midinfrared. The main goal of our survey is to study the origin of Article number, page 2 of 20 S. Ertel et al.: A near-infrared interferometric survey of debris-disk stars.
exozodiacal dust through statistical investigation of its incidence with respect to the following properties of the observed systems: -The age of the central star. This allows us to study the evolution of the hot dust content vs. system age. If the dust is produced in steady state by collisions of larger bodies (at the location of the hot dust detected or somewhere else in the system and continuously drawn to this location), the dust content will decrease over time. Thus, the excess detected and with it the detection rate will also decrease (Wyatt et al. 2007b; Wyatt 2008; Löhne et al. 2008 ). -The stellar spectral type. This can give hints to the origin and evolution of the phenomenon. The evolution of circumstellar dust is significantly affected by the stellar radiation and thus is different for stars of different luminosities. The detection rate of (cold) debris disks is well known to be decreasing from early-type toward late-type host stars 2 . -The presence or absence of a debris disk in the system. The exozodiacal dust might be produced in a debris disk and dynamically drawn to the inner regions of the systems, or large bodies originating in the outer belt might be transported to the inner system and produce the dust through collisions there (Bonsor et al. 2012 (Bonsor et al. , 2013 . In this case, a clear correlation between the presence of the cold and hot dust would be expected.
To achieve these goals, a carefully selected target list is mandatory in order to avoid selection biases. We consider a list of debris disk detections and non-detections in the far-infrared available to us (by April 2012). These data come from three sources:
-A list of all stars observed by the Spitzer Space Telescope in the context of debris disk programs. Published fluxes at 24 µm and 70 µm where available (see excess references in Table 1) , as well as archive data, were considered. The archive data were checked for 70 µm excess by predicting the flux at 70 µm from that at 24 µm using the Rayleigh-Jeans law. This method was checked considering published detections, and the results were found to be in good agreement. If only detections were published for a survey and if a star observed was not included in this publication, it is assumed that indeed no excess was detected. -The results from the Herschel/DUNES survey including all detections and non-detections of excesses. -A list of preliminary non-detections of excess (G. Kennedy, personal communication) from the Herschel/DEBRIS survey (Matthews et al. 2010 ). -A reduction of the data for an incomplete list of targets observed by other Herschel debris disk programs taken from the archive.
According to this information, we distinguish between debris stars (stars with a debris disk detected) and control stars (stars that have been searched for a debris disk, but none was detected). In case of controversial information, Herschel data are considered more reliable than Spitzer data due to the higher angular resolution and usually higher sensitivity and DUNES data are considered more reliable than DEBRIS data due to typically higher sensitivity and because the DUNES survey results have been published already.
Further refinement is needed to remove targets unsuitable for interferometric observations. This is the case if a target is too faint for our high-accuracy observations (i.e., minimizing the piston noise by scanning the fringes as fast as possible, but with enough flux not to reach the photon-noise regime). Sources as faint as H = 4 can comfortably be observed in this mode at typical conditions using PIONIER with the ATs. The regime of 4 < H < 5 is accessible under good atmospheric conditions. Targets fainter than H = 5 have been removed. Furthermore, very bright stars cannot be observed because they saturate the detector. This is the case, for example, for the otherwise very obvious target Fomalhaut (Lebreton et al. 2013) . Binary companions within the interferometric field of view (∼400 mas full width at half maximum in H band) prevent us from detecting weak, extended circumstellar emission and even light from close companions outside the field of view may enter the optical path in case of bad seeing. Thus, all known binary systems with angular separation < 5 ′′ are removed from the samples, using the catalogs of Pourbaix et al. (2004) , Eggleton & Tokovinin (2008) , Raghavan et al. (2010) , and Dommanget & Nys (2002) .
In addition, stars with unusually large linear diameters for main sequence stars of a given spectral type are removed. This is a signpost of post main sequence evolution which might result in physical phenomena, such as outflows that would be misinterpreted as exozodiacal dust. The stellar angular diameter θ V−K is estimated from V and K colors using the surface brightness relation Kervella et al. (2004) :
The linear diameter D ⋆ = θ V−K /d is computed from that value using the Hipparcos (Perryman et al. 1997 ) distances d of the stars. V band magnitudes are taken from Kharchenko & Roeser (2009) . We consider K band magnitudes from the Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006) where the data quality is sufficient. For targets with 2MASS quality flag A, for example, due to saturation, data collected by Gezari et al. (1993 Gezari et al. ( ) (updated in 1999 are used, averaging the listed measurements and considering typical uncertainties quoted in the references. If no data are available from Gezari et al. (1993) , the 2MASS data and appropriate uncertainties are used. To identify stars with large diameters, our estimated linear diameters D ⋆ are compared to theoretical values D ⋆,th from Allen's Astrophysical Quantities (Cox 2000) . Stars above an empirically defined threshold D ⋆cut are removed:
Here, D ⋆,th is the theoretical linear diameter derived from a quadratic fit to theoretical values vs. spectral types, σ D is derived from the scatter of the diameters for a given spectral type, D ⋆,th is the arithmetic mean of D ⋆,th of all stars, and a is chosen to be 1.5. Available ages of the stars removed have been checked. Nearly all removed stars have ages comparable to or larger than their main sequence life time, indicating that the method is successful.
To obtain comparable results for debris stars and control stars, the two samples have to be as similar as possible with respect to their distribution in spectral type, brightness, and observing conditions (i.e., sensitivity). This can be achieved by selecting and observing pairs of debris stars and most similar control stars directly after each other (which ideally means red very similar conditions), where possible.
This results in an all sky sample of targets. For each PIO-NIER run the suitable targets are selected from this sample with special attention on observing a sample of stars that is balanced between the three spectral type bins of A type stars, F type stars, and G and K type stars. Only very few M type stars remain in the sample due to the brightness limitations. They are thus not considered for any spectral type bin.
Properties of the observed targets
A list of stellar parameters and near-infrared photometry of our observed targets is given in Table 1 . Angular diameters θ V−K are computed following Sect. 2. Age estimates were collected from the VizieR data base 3 . The mean logarithmic ages are computed from all independent estimates available. Exceptions have been made for β Pic and HD 172555, which are well-established members of the β Pic moving group (Zuckerman et al. 2001) . Here, we consider the latest estimates for the age of this group (Binks & Jeffries 2014) . For two targets, HD 141891 and HD 128898, no age estimates were found. HD 141891 is an old F-type star for which we will see later that even a nondetection is relevant for the statistics of excess detection vs. age (Sect. 4.2.4). We estimate the age from the bolometric and X-ray luminosity (Anderson & Francis 2012; Schmitt & Liefke 2004) following . HD 128898 is an A type star without hot excess as we show in Sect. 4. For this age bin, the inclusion or not of one more non-detection does not significantly affect our statistics. Thus, we exclude this target from the age statistics. The age values are listed in Table 1 .
Data acquisition and processing

Detection strategy
When it comes to the detection of faint, circumstellar excess emission, the strength of (near-) infrared interferometry is the ability to spatially resolve this emission and thus to spatially disentangle it from the much brighter stellar emission. Therefore we follow the approach first presented by di Folco et al. (2007) and briefly summarized here. When observing at small baselines of up to a few tens of meters, a nearby star is nearly unresolved. This minimizes the effect of its uncertain diameter on the prediction of its squared visibility (V 2 ). At the same time, an extended circumstellar emission is ideally fully resolved. This will result in a drop in V 2 compared to the purely stellar V 2 , because it adds incoherent flux. This represents the core of our detection strategy and is illustrated in Fig. 1 . Measurements on a limited range of baselines, however, do not allow one to directly distinguish between a faint companion and a circumstellar disk. The availability of closure phase data allows distinguishing between azimuthally symmetric emission from a circumstellar disk and highly asymmetric emission from a companion (Le Bouquin & Absil 2012; Marion et al. 2014 ).
Overview
In this section, we describe the acquisition and processing of the data from the observations to the measurement of the disk-to star flux ratio in case of detected circumstellar excess emission. This is a complex, multi-step process with some decisions in earlier steps being motivated by the requirements during later steps. Thus, we give a quick overview here first before discussing each step in detail in the following sections: (2007) . For the 'real', dashed curve we assume a uniform disk for both the star and the flux distribution from the exozodiacal dust and a diskto-star flux ratio of f = 0.01, while for the 'simplified', solid curve we use the same assumptions but the approximation following the equation in the figure. Diameters of the star and (face-on) disk have been chosen to 2.5 mas (about an A-type star at 10 pc) and 500 mas (5 AU at 10 pc), but exact numbers are not relevant for the illustration of our detection strategy. For details see Sect. 3.1. 
Observation
Observations were carried out in H band in two runs each in P89 (Apr. 2012 and Jul. 2012 ) and P90 (Oct. 2012 and Dec. 2012 , each run consisting of three consecutive observing nights. In total, 92 stars were observed. An observing log of all nights can be found in Table 3 . We used the four 1.8-m ATs to obtain six visibility measurements simultaneously. The most compact array configuration available at the VLTI with baselines between 11 m and 36 m was selected. The detector read-out mode was set to FOWLER with the SMALL dispersion (three spectral channels) and only outputs A and C read in order to speed up the readout. The number of steps read in one scan (NDREAD) was 1024. See • to minimize the effects of the pupil rotation (i.e., position on sky, Le Bouquin et al. 2012). Additional criteria were similar H band brightness and small angular diameter. Most of the targets have been observed in a sequence of CAL1-SCI-CAL2-SCI-CAL3-SCI-CAL1 and where possible, the corresponding debris or control star has been observed directly afterward.
Data reduction and calibration
In this section we describe the conversion of raw observations into calibrated interferometric observables (V 2 and closure phase). Data reduction used the standard PIONIER pipeline pndrs version 2.51 ). The five consecutive files composing an observing block, either SCI or CAL, were averaged together to increase S/N and reduce the amount of data to be dealt with.
Nightly-based, global calibration
As explained by Le Bouquin et al. (2012), we identified that the major source of instrumental instability in the data is linked to the pupil rotation inside the VLTI optical train. At first order, the instrumental contrast (transfer function, TF, i.e., the measured but not calibrated V 2 of a point source given instrumental and atmospheric effects) is described by
where alt and az are the actual elevation and azimuth.
For typical values of a ≈ 0.7 and b ≈ 0.1, this means that the difference of alt + az between the observations of SCI and CAL should be smaller than 2
• for this effect to be less than the desired level of accuracy. Since the density of calibrators in the sky is not sufficient, we correct for this effect by implementing a global analysis of each night, before the classical SCI/CAL calibration.
We first fit Eq. 3 to all calibrators of the night in order to determine the parameters a and b. This fit is well constrained because we typically gather about 35 observations of calibrators during a single night, spread all over the sky. Then we use a and b to correct all the observations of the night, which is all SCI but also all CAL. After this correction, the average level of the instrumental response within a CAL-SCI-...-CAL sequence is generally not unity, because Eq. 3 suffers from idealization. Nevertheless, this strategy successfully removes any spurious trend that could be associated to the global pointing dependency. Consequently, the typical scatter among the four observations of calibrators within the sequence is reduced to two to three percent.
SCI/CAL calibration
The goal of this second step is to correct for the instrumental response within the CAL-SCI-...-CAL sequence. To ease the implementation of the subsequent bootstrapping analysis (see Sec.3.7), we do not average all the CAL observations into a single value of the instrumental response. Instead, we calibrate each SCI individually by pairing it either with the preceding or the following CAL. Calibrators with low S/N or with a clear closure phase signal are rejected. This accounts for about 1% of all calibrators observed. Furthermore, the same CAL observation is never used to calibrate two SCI, in order to minimize the correlation. Finally, where this is possible, only one of the two observations on the same calibrator in one sequence is used to maximize the number of different calibrators (ideally 3). For each object we gather a total of three calibrated observations, each of them calibrated by a different calibrator. Each observation contains six squared visibilities measurements (V 2 ) and four closure-phase measurements, each of them dispersed over three spectral channels with central wavelengths of 1.59 µm, 1.68 µm, and 1.77 µm.
Assessment of systematic chromatic effects
A conservative estimate of the chromaticism of PIONIER was given by Defrère et al. (2012a) . Given the precision intended for our survey, we have to quantify this effect. This is particularly important since most calibrators from Mérand et al. (2005) are K giants, while our science targets are distributed over spectral types A to K. We describe in Appendix A the detailed analysis of the chromaticism carried out based on our data set. We empirically derive a correction for the chromaticism, but find that the effect of this correction on our results is negligible. In a few cases the correction derived is much larger but obviously erroneous (mostly due to noisy data). Thus, we do not apply the correction to the data set used for the further analysis presented in this paper, as the potential gain is minor, while there is the risk of a failure of the correction for some targets, which would result in a significant degradation of the data quality. Instead, we consider a conservative, systematic calibration uncertainty of 1 × 10 −3 on the squared visibility measurements. This uncertainty is correlated among all data and results in an uncertainty on the star-to-disk flux ratio of 5 × 10 −4 .
Analysis of closure phase data
The closure-phase data obtained in the context of the present project constitute a valuable sample for the search for unknown, faint companions around nearby main sequence stars.
We analyze the closure phase data in detail in another paper (Marion et al. 2014 ) for our further analysis. Here, we rely on the results of this work and only discard the systems in which companions have been detected. Five of the 92 targets observed -HD 4150, HD 16555, HD 29388, HD 202730, and HD 224392 -show a closure phase signal that can be attributed to the presence of a previously unknown stellar companion and thus have to be removed from the subsequent analysis. In addition, a companion around HD 15798 (σ Cet) has been detected by Tokovinin et al. (2014) using speckle interferometry. Finally, we reject HD 23249 (δ Eri) because of potential post-main sequence evolution (Sect. 4.1), which leaves us with 85 stars.
Fitting of exozodiacal dust models
In the present section, we describe the fitting strategy used to combine all V 2 data of a given object in order to derive a diskto-star flux ratio (hereafter flux ratio). The flux ratio does not depend significantly on the assumed disk geometry as shown in previous studies (e.g., Absil et al. 2009; Defrère et al. 2011) . We consider a model consisting of a limb-darkened photosphere surrounded by a uniform emission filling the entire field of view of PIONIER on the ATs (see analytical expression in Fig. 1 ). Under typical seeing conditions, this field of view can be approximated by a Gaussian profile with a full width at half maximum of 400 mas ). The visibility expected from a limb-darkened photosphere is estimated according to Hanbury Brown et al. (1974) using the linear H band limbdarkening coefficients of Claret et al. (1995) . We estimate the visibility for the whole bandwidth of each spectral channel, considering the actual spectrum of the star using tabulated H band spectra from Pickles (1998) and the spectral transmission of the PIONIER instrument. The estimated squared visibilities are then compared to the measurements and the flux ratio for each data set derived.
The computation is performed by a set of IDL routines developed initially for CHARA observations (Absil et al. 2006 ) and adapted later for more telescopes (Defrère et al. 2011) . To derive the value and uncertainty of the flux ratio for each target, we use a bootstrapping algorithm with each individual fit to the data performed using a Levenberg-Marquardt least-squares minimization (Markwardt 2009 ). This means that the individual uncertainties on the data points are not considered directly in the estimate of the uncertainty of the flux ratio, but rather their scatter. In addition, a systematic uncertainty on each data point as caused by the uncertain diameter of the calibrator is considered. Finally, a systematic uncertainty of 5 × 10 −4 due to the chromaticism is added to the flux ratio derived (Sect. 3.5).
For the bootstrapping, we investigate several possible correlations among the data. These could be present, for example, among the different spectral channels in which data have been obtained simultaneously, the baselines sharing one telescope, or data that were obtained on all six baselines simultaneously in one OB, since these share the same calibrator. We fit the whole sample several times, each time assuming one of these correlations to be the dominant one. The level of correlation left in the data after the fit is estimated by the width of the distribution of excesses weighted by their uncertainties. Such a histogram should ideally have a Gaussian shape with a standard deviation of one if there is no detection at all among the sample. Fewer than 1% of the targets should have a flux ratio < −3σ, while some significant detections should show up with a flux ratio > 3σ. A smaller scatter suggests an overestimation of the correlation, while larger scatter and a significant number of targets with flux ratio < −3 sigma suggest an underestimation.
We find that the correlation among the three spectral channels dominates and that all other correlations can be neglected. This is expected because the spectral channels share the same VLTI beams and so have the same polarization behavior, which is the dominant source of systematic error. Moreover, they share the same piston statistics, which is the dominant source of statistical noise. Figure 2 shows the histogram of the significance of the flux ratios for our sample in this case, as well as the sensitivities reached (1σ).
Results
We observed a sample of 92 stars looking for faint, extended near-infrared excess. Five targets show significant closure phase signal, which is indicative of a companion (Marion et al. 2014) , which makes the targets useless for our analysis. One target -HD 15798 (σ Cet) -needed to be rejected because it has a companion not detected by our analysis, and another target -HD 23249, δ Eri -needed to be rejected because it is probably a post-main-sequence star (Sect. 4.1). This leaves us with a sample of 85 stars that can be used for the subsequent analysis.
For this sample, the median 1σ accuracy of the measurement of the disk-to-star flux ratio is 2.6 × 10 −3 , i.e. 0.26%. As shown in Fig. 2 , the excess distribution is consistent with a Gaussian with σ = 1. Thus, we consider an excess to be significant if the flux ratio is higher than its 3σ uncertainty. Using this criterion, we find that 9 out of 85 stars (10.6 +4.3 −2.5 %) show a significant visibility drop in broad band (Table 4) . We interpret this as faint, extended circumstellar emission, which we attribute to the presence of exozodiacal dust.
In the following, we first briefly discuss a few peculiar targets (Sect. 4.1). Afterward, we statistically analyze the broad band detection rate (Sect. 4.2) and discuss the spectrally dispersed data obtained (Sect. 4.3).
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Notes on specific targets
HD 15798 (σ Cet) Has a significant signal in the V 2 but no significant closure-phase signal. This would identify the star as an excess star in our sample. However, Tokovinin et al. (2014) detected a companion to this star at a separation of 210 mas using speckle interferometry. This separation is too large for the fringe patterns of the two stars to overlap, so that the companion could not be detected by our observations. However, it is expected to contribute some incoherent flux to the observations that may well be responsible for the detected V 2 drop. As a consequence, the star has to be rejected from our subsequent analysis because no conclusion on the potential presence of an excess is possible. This example illustrates that even the availability of closure phase data does not completely rule out the possibility of false excess detections due to any unknown companions to our targets.
HD 23249 (δ Eri) has been observed with VLTI/VINCI in K band between October 2001 and February 2003 (Thévenin et al. 2005) . These data show no evidence of circumstellar excess, in contrast to our PIONIER data in H band taken in October 2012 (Table 4 ). The sensitivity of the two observations is comparable, ruling this out as a source of the discrepancy. That the excess has been detected in H band but not in K band suggests that a specific temperature of the dust cannot be responsible for the discrepancy either, since a black body of any temperature lower than the sublimation temperature would peak longward of the H band, implying a rising flux ratio toward the K band. Thus, assuming that the emission originates in circumstellar dust, the only explanation known would be an increase in the excess between the two observations. Thévenin et al. (2005) also determined the evolutionary state of HD 23249 to be at the end of the subgiant phase. Thus, our observations could trace emission stemming from physical processes related to that evolutionary state rather than to circumstellar dust. As a consequence, we reject this target from subsequent analysis. We note that this target is similar to κ CrB, which has been observed as part of the FLUOR sample and has been rejected for the same reason .
HD 39060 (β Pic) had been observed extensively with PI-ONIER before, resulting in an excess detection (Defrère et al. 2012a) . We observed the target again as part of our unbiased sample and confirm the detection. At the same time, we did not detect any significant variation of the excess between the observations (December 2010 to November 2011 vs. October 2012).
However, the excess in our survey data is only detected at 3.9σ. At this level of accuracy, we can only rule out variability over ∼80% of the total flux. We confirm the flat spectral slope of the flux ratio discussed in detail by Defrère et al. (2012a) . . We do not detect significant broad band excess in H band around these two stars. HD 69830 was also observed with FLUOR and no K band excess was detected either . Given the large number of detections in our samples and the strong mid-infrared excess found for these targets, the non-detections are surprising. For HD 172555 we find a tentative excess based on significant excess in only the long wavelength channel and on a spectral slope of the flux ratio that suggest increasing excess toward longer wavelengths. We discuss this in more detail in Sect. 4.3. Because this can only be considered a tentative detection, we do not include this potential excess in our statistical analysis. No significant far-infrared excess has been detected around HD 69830 ). Thus, this star is not counted as a cold dust host star in our statistical analysis. The dust in this system is located at ∼ 1 AU from the star (Smith et al. 2009 ). It is doubtful whether this dust can be produced at this location in an equilibrium collisional cascade of larger bodies over the age of the system (Lisse et al. 2007) . No significant amounts of cold dust are found. This would qualify the dust in this system as exozodiacal dust. However, since it is not detected by PIONIER and FLUOR observations, we consider it to be a nondetection in our statistical analysis.
HD 56537 (λ Gem) has been observed with FLUOR before and was found to have significant K band excess ). We do not detect any H band excess in our PIONIER data. The FLUOR accuracy on this star is slightly better (1.7 × 10 −3 vs. 2.5 × 10 −3 for PIONIER), but not enough to explain the difference. Absil et al. (2013) discuss a problem with the diameter of this star when computed from surface brightness relations (0.65 ± 0.08 mas) compared to direct interferometric measurements (0.835 ± 0.013 mas following Boyajian et al. 2012 and 0.807 ± 0.18 mas, new measurements in Absil et al. 2013) . In the present paper, we use the diameter from the surface brightness relations in order to have a consistent diameter estimate for each target. We repeated the excess measurement for this target using the stellar diameter of 0.835 ± 0.013 mas without Table 4 . Detections (marked in gray) and non-detections of extended emission and closure-phase signal
Comp. Marion et al. (2014) , are marked in gray. The quantity f CSE is the disk-to-star flux ratio. The quantity σ f is the 1σ uncertainty on that measurement, χ f = f CSE /σ f gives the significance of the detection, and χ We find a total detection rate of 10.6 +4.3 −2.5 % of H band excesses that can be attributed to hot exozodiacal dust. This detection rate is less than half as high as the rate found by Absil et al. (2013) , a fact we discuss in Sect. 5.1. Our detection rate is consistent with the result found by Millan-Gabet et al. (2011) using KIN in N band. However, given the different wavelength, sensitivity to different dust populations, and the large statistical error bars, drawing clear conclusions from it is not possible without detailed knowledge about the systems detected.
The detection rate obtained in this survey is similar to the detection rates for cold debris disks (e.g., Beichman et al. 2006; Bryden et al. 2006; Su et al. 2006; Eiroa et al. 2013 ). The dust observed in these disks, however, can be readily explained by steady-state models in which it is continuously replenished by collisions between large, km-sized planetesimals. If the H band excesses observed in this sample were produced by the collisional evolution of planetesimals to produce dust in a similar manner, the planetesimals would have to be very close to the star, at the very least within the field of view of PIONIER. Collision rates increase with decreasing orbital timescales. Wyatt et al. (2007a) show that this leads to a maximum mass -hence fractional luminosity -of dust that can be produced in steady state, as a function of the orbital distance and age of the system. According to these estimates, for instance, the maximum fractional luminosity of a disk at 1 AU and an age of 100 Myr is 1.6 × 10 −6 . Given only one measurement of the flux ratio for each available target and even with the spectrally dispersed data as discussed in Sect. 4.3, only weak constraints can be put on the fractional luminosity of the detected exozodiacal dust systems with only lower limits, typically on the order of 10 −4 , possibly assuming thermal emission (considering scattered light, the limits would be even larger). A realistic model of the exozodiacal dust around Vega, which is representative of the detections in this work, has been first produced by Absil et al. (2006) who find a fractional luminosity of 5 × 10 −4 . These values are clearly inconsistent with the maximum levels estimated by Wyatt et al. (2007a) for any reasonable range of parameters. Thus, the excess emission observed in this survey cannot derive from dust produced locally in a steady-state collisional cascade for the ages of these stars. Alternatively, we could be observing a transient phenomena (Wyatt et al. 2007a; Kennedy & Wyatt 2013 or the aftermath of a large collision (e.g., Lisse et al. 2008 Lisse et al. , 2009 Jackson et al. 2014) . Bonsor et al. (2013) ; however, we show that it is unlikely that we observe the aftermath of dynamical instabilities in such a high proportion of planetary systems. The potential origin of the hot dust in an outer debris disk is discussed in Sect. 4.2.3.
A potential scenario for decreasing the removal rate of dust grains from the system and, thus, to reduce the dust production rate needed to explain the presence of the dust would be the trapping of nano grains (∼ 10 nm in size) in the magnetic fields of the host stars (Czechowski & Mann 2010; Su et al. 2013) . Su et al. (2013) suggest that this scenario is responsible for the hot excess seen around Vega, but the extension to A type stars is not obvious because the topology of their magnetic fields is not well known. While the dust in this scenario would still originate in an exozodiacal disk, alternative scenarios explaining the nearinfrared excess, such as free-free emission produced by stellar winds, have been discussed as well (Absil et al. 2008 ). This has, however, been ruled out as an explanation for the near-infrared excess around Fomalhaut by Mennesson et al. (2013) . Figure 3 shows the detection rate of exozodiacal dust for the different spectral type bins considered. The detection rate is decreasing toward late type stars, similar to the behavior of debris disks Bryden et al. 2006; Gautier et al. 2007; Eiroa et al. 2013 ). However, given the large statistical uncertainties (based on binomial probability distribution), this trend is only tentative.
Detection rate vs. spectral type
Detection rate vs. presence of a debris disk
The correlation between stellar spectral type and detection rate of exozodiacal dust is similar to that of debris disks. This raises the question whether the origin of the hot and cold dust is the same population of colliding planetesimals, some of which have been transported closer to the star. This hypothesis can be tested by searching for correlations between the presence of exozodiacal dust and of a debris disk.
Given the statistical uncertainties ,there is no significant correlation between the incidence of hot and cold dust (Fig. 4) . This would suggest that the two phenomena do not have a common origin. However, we are only able to detect the bright- FGK-type, significant excess FGK-type, no excess A-type, significant excess A-type, no excess est exozodiacal dust systems and the most luminous debris disks (e.g., with Herschel ∼10 times more luminous than our Kuiper belt, Vitense et al. 2010) . Furthermore, potentially important mechanisms, such as dust trapping in a planetary system (e.g., Stark & Kuchner 2008) or by stellar magnetic fields or realistic treatment of sublimating dust particles (Lebreton et al. 2013; van Lieshout et al. 2014) , have not been considered in the theoretical investigation. Thus, a faint, undetected debris disk might be able to produce significant amounts of exozodiacal dust. Migration of a planet into an outer, faint belt has also been shown to potentially produce enough hot dust to be detectable by our observations and would not require a correlation between observable hot and cold dust ).
Detection rate vs. stellar age
Another well known correlation for debris disks is the decrease in dust mass with stellar age, which translates into a drop in the detection rate and disk brightness with increasing age Su et al. 2006 ). This has been attributed to the continuous mass loss due to the collisional evolution of the disk (e.g., Wyatt et al. 2007b; Löhne et al. 2008) . We already concluded that the high levels of hot dust found are unlikely to be consistent with steady-state collision evolution. Checking for a similar correlation between the detection rate and brightness of exozodiacal systems with stellar age, we can test this hypothesis further.
We make this test in two different ways. First, we plot the flux ratio as a function of the stellar age. We divide our sample into early-type stars (spectral type A) and stars of later spectral types, accounting for differences in the stellar properties, such as stellar luminosity, winds, and magnetic fields potentially affecting the dust evolution. Second, we investigate the excess detection rate with respect to the stellar age. For each spectral type bin (A, F, or G/K), we divide the sample into stars younger than and stars older than the median age in the bin, 0.34 Gyr, 1.95 Gyr, and 4.47 Gyr for A, F, and G/K type stars, respectively. The detection rate in the young and the old star samples are compared. Finally, we perform the same analysis on all stars together, but keeping the old and young categories of the stars as indicated by the median ages in their respective spectral type bins. We do not perform this analysis for all stars together, with one median age for all stars. This would put all A-type stars in the young Fig. 6 . Detection rate of exozodiacal dust for stars younger and older than the median age of each spectral type bin. For the total bin, the age bins derived from the individual spectral type bins are considered, not a median age of the whole sample.
bin and most of the late type stars in the old bin. While such an analysis would be useful if the dust evolution depends on time in general, not on the stellar evolution, it would be heavily biased in the present case by the higher detection rate around A-type stars.
There is no clear correlation of the excesses with the age of the systems visible in Fig. 5 . However, there is a tentative correlation between the detection rate and the age for F and G/K type stars (Fig. 6 ). Considering the F and GK spectral type bins together, a χ 2 test yields a probability of ∼ 0.75 that there is a real correlation between the stellar age and the excess detection rate. While a similar correlation is not visible for A-type stars, the detection rate seems to increase with age for stars of later spectral type. This is the opposite of what would be expected in the case of steady-state evolution, but does not necessarily contradict planet-induced instabilities. A similar trend is visible in the combined sample (keeping the age bins derived for the individual spectral type bins) with a probability of a real correlation with age of ∼ 0.75. Because in this case the age bins are linked to the stellar main sequence life time rather than absolute time, this might suggest that the circumstellar excess emission is caused by a stellar phenomenon rather than a circumstellar one. We note, however, that such a phenomenon would have to be very similar over a wide range of stellar spectral types and that no such phenomenon is known. A different explanation could be that the time scale of the circumstellar phenomenon (e.g., the dust evolution) that leads to the excess at older ages depends on the properties of the star. This would be the case, for example, for the Poynting-Robertson time scale, which decreases for a given dust species with increasing stellar luminosity and mass.
Correlation with presence of planets
In our sample there are 14 stars for which the detection of an exoplanetary system has been reported. All planets are located within a few AU from their host stars, near the region where the dust must be located for our exozodi detections. In our sample we find no correlation between the presence of exozodiacal dust and of planets in the system. Absil et al. (2013) suggest that part of the high detection rate of hot circumstellar emission for A-type stars might be explained in part by outflows due to rapid rotation. To investigate this scenario, one can search for a correlation between high rotational velocities and a high disk-to-star contrast. We follow for the Atype stars in our sample the same approach as Absil et al. (2013) . We find no correlation and note in particular that there is a large number of rapid rotators without detected excess.
Correlation with stellar rotation
Analysis of spectrally dispersed data
While our analysis so far followed closely the approach used by Absil et al. (2013) due to the very similar kind of data available, the SMALL spectral dispersion of our PIONIER data with three spectral channels across the H band allows us to also investigate the spectral slope of the excess for detected exozodiacal systems. Since the spectral channels are considered to be correlated in our contrast measurements, considering all together does not reduce the uncertainties on the combined excess measurement and, vice versa, the uncertainties in the single channels are not significantly larger than for the combined measurement. Therefore, for significant excess detections, the spectrally dispersed data may allow for putting constraints on the H band colors of the excesses and, thus, of the location and nature of the emission.
Approach
The flux ratio vs. spectral channel for the nine sources with detected excess is shown in Fig. 7 (first nine rows). We fit curves for thermal black body emission for four temperatures, 500 K, 1000 K, 1500 K, and 2000 K, to the data. The error-weighted average of the three spectral channels represents the case where the circumstellar emission detected follows the spectrum of the host star (i.e., constant contrast with wavelength). As can be seen in Fig. 7 , the contrast is fairly constant over the three spectral channels for most targets. This would be the case for pure gray scattered light emission from dust grains, suggesting that this makes a significant contribution to the total emission. Only the last two targets exhibit a tentative slope that might suggest thermal emission. However, for all targets we are able to rule out neither pure black body emission nor pure scattered light emission based on this qualitative analysis.
To carry out a more systematic analysis of the spectral behavior of the contrast for all our targets -be it with or without significant broad band excess -we proceed in two ways. First, we fit a straight line f CSE (λ) = aλ + f 0 to the three spectral channels in order to derive the spectral slope a of the contrast and the corresponding uncertainty σ a . We prefer this over a black body fit to the data because we suspect that scattered light makes a significant contribution to the emission, as discussed above. In this case, any black body temperature derived would be meaningless. In contrast, the spectral slope a is a purely empirical quantity that does not need any assumptions on the underlying physics but is handy for quantitatively investigating the significance of the spectral behavior. The spectral channels are correlated, and systematic uncertainties, such as the uncertain diameter of the star or of the calibrator, affect them in the same way. These systematic uncertainties are therefore not considered in the present fit. We validate this by plotting the histogram of a/σ a , i.e., the significance of the slopes for all targets (Fig. 8) offset toward positive slopes, which we rate as insignificant. We also compute the spectral slope in the H band of the black body curves fitted to the data of the excess stars in order to evaluate whether any black body temperature can clearly be ruled out by the spectral slope measured (Table 5 ). The slope a of the flux ratio depends not only on the black body temperature, but also on the flux ratio itself, as well as on the spectral slope of the stellar photosphere emission. Thus, for a given blackbody temperature, the spectral slope of the flux ratio is expected to be different for different targets and excesses. For gray scattered stellar light, i.e., where the spectrum of the excess is the same as that of the star, the spectral slope of the flux ratio is a = 0. A 3σ criterion is used to check whether the measured slope is consistent within the uncertainties with the predicted slope for different temperatures or a zero slope for scattered light emission. Notes. Slopes and uncertainties are listed in %/µm. In addition to the measured values, we list for all targets the spectral slopes of purely thermal excesses with black body temperatures of 2000 K, 1500 K, 1000 K, and 500 K. For targets marked in bold face, constraints on the emission mechanism or the black body temperature are possible. Measured slopes marked in bold face are significantly different from a zero slope, i.e., with scattered light emission, while black body slopes in parentheses can be ruled out. The three last targets are the tentative detections of circumstellar excess based on the spectral analysis, but are not detected as broad band excesses by our original approach.
Second, we search for significant excesses in only one or two spectral channels. Therefore, we consider the full uncertainties, including systematic calibration uncertainties. Excesses in the long-wavelength channel(s) might be expected if the excess is just starting to be significant in the middle of the H band. In this case, we would expect the targets to also exhibit some positive slope of the measured flux ratio.
Discussion
The results of this analysis are shown in Figs. 7 and 8, and Table 5. It is obvious that -within the 3σ uncertainties -the slopes for all detected broad band excesses are consistent with a constant contrast with wavelength and most of the black body temperatures considered. Neither black body emission nor pure scattered light can be ruled out. However, most targets are better fit by a constant contrast than by a black body of realistic temperature. Only two sources, HD 108767 and HD 210302, are better fit by a black body. A clear conclusion would require data of higher precision or over a wider wavelength range. If real, the constant slope would be indicative of very hot dust or of the emission when dominated by scattering rather than thermal emission. Both scenarios have been investigated by Defrère et al. (2012a) using the example of β Pic (HD 39060), which exhibits similar behavior. In particular, the possibility has been discussed that the near-infrared excess emission is produced by forward scattering in the outer debris disk seen edgeon. Modeling this scenario constrained its contribution to the total near-infrared excess to be less than ∼50% for β Pic. The debris disks around the other stars for which we detect nearinfrared excesses are significantly fainter than the one around β Pic. In six of nine cases, a debris disk has not even been detected in the far infrared. Thus, we conclude that this scenario cannot be responsible for the excesses detected. Concluding whether the emission is dominated by thermal emission or Fig. 7 but for the three tentative detections based on the spectral slope and excess in the long wavelength channel only. The blue, orange, and red lines illustrate the cases of pure black body emission with temperatures of 1500 K, 1000 K, and 500 K, respectively. scattered light is not possible based on the available data on our detected excesses.
There are, however, four more targets found not to have significant broad band emission but to exhibit a significant slope of the contrast or a significant excess in the long wavelength channel only (or both). Two of these sources, HD 172555 and HD 182572, fulfill both criteria, so we consider them as tentative excess detections. The tentative detection of HD 172555 is particularly interesting thanks to the strong, warm excess this star is known to exhibit in the mid infrared (e.g., Lisse et al. 2009 ). HD 210049 has a significant slope, but we measure only a contrast of 2.9σ on the long wavelength channel. Since this contrast is nearly at a significant level and the slope is significant, we consider this target as a tentative detection as well. Furthermore, the contrast in the short-wavelength channel is (−0.93 ± 0.46)%, which together with the significant slope, suggests that in this case the absolute calibration error results in an underestimation of the contrast in all three channels. The source with a significant excess in the long wavelength channel but with no significant slope is HD 45184. Here, the slope is rather constant, and we measure a contrast above 2σ on each of the three spectral channels. The reason the contrast in the last spectral channel appears significant is that the uncertainty is at its lowest here, not that the contrast is at its highest. Thus, and given that we also have two targets with negative contrast in single channels (which cannot be real), we conclude that the detection for this target is insignificant. The spectrally dispersed contrast for HD 172555, HD 182572, and HD 210049 is shown in Fig. 9 . Their spectral slopes are listed in Table 5 . For these targets we can rule out both purely scattered light emission, as well as very hot black body thermal emission, based on the spectral slopes. Clearly, these targets deserve follow-up observations, either deeper in H band or at longer wavelength. Also, a deep observation with the LARGE, seven-channel spectral resolution of PIONIER would help to put stronger constraints on the potential presence of an excess around these stars.
Merging the VLTI/PIONIER and CHARA/FLUOR samples
Comparison
One of the goals of the PIONIER observations was to extend the sample of stars searched for exozodiacal dust by CHARA/FLUOR toward the south by merging the two samples, in order to increase the number of targets observed and of excesses detected and thus to improve statistics. Therefore, it is mandatory to compare the two samples and to check whether they are compatible. While target selection and detection strategy for the two samples are very similar, the main difference is in the observing wavelength. PIONIER operates in H band (1.65 µm) and FLUOR in K band (2.2 µm). Figure 10 shows the spectral behavior of black body emission at different temperatures. Even the emission of the hottest dust that can be present around a star is longward of the H band. As a consequence, the flux ratio will increase toward longer wavelengths, from PIONIER to FLUOR, assuming pure blackbody thermal emission. Therefore, at a similar sensitivity to the flux ratio, the PIONIER sensitivity to circumstellar dust is lower than for FLUOR. A plot of the sensitivity distribution of the FLUOR sample is shown in Fig. 11 . The median 1σ sensitivity to the flux ratio is 2.7 × 10 −3 compared to 2.5 × 10 −3 for PIONIER.
Indeed, the detection rate of PIONIER is significantly lower than for FLUOR (10.6 +4.3 −2.5 % vs. 28 +8 −6 %). On the other hand, the spectrally resolved data of our PIONIER detections tentatively suggest that for most of our targets, the flux ratio does not increase significantly toward longer wavelengths. A possible conclusion that needs to be confirmed by multi-wavelength observations of the same targets would be that the emission is dominated by scattered light in the H band and that between H and K bands the increasing thermal emission takes over.
Another indicator as to whether the two samples are compatible would be whether observations with the two instruments arrive at consistent results for the same stars. There are three stars included in both samples, HD 56537, HD 69830, and HD 71155. Only for HD 56537 (lam Gem) has an excess been detected with FLUOR. All three targets do not show any significant excess in H band. The non-detection for HD 56537 has already been discussed in Sect. 4.1.
Finally, we can compare the statistics derived from the PIO-NIER sample in Sect 4.2 with the results of Absil et al. (2013) . For this purpose we compare the statistics derived from the two surveys in Fig. 12 . We already noted that the detection rate is lower for the PIONIER sample by a factor of ∼2. When correcting for that (i.e., multiplying the PIONIER detection rates by this factor), the detection rate with respect to the spectral type is consistent between the two samples. A difference is clearly visible between the two samples in correlation between the presence of hot and cold dust. Here, the two samples suggest completely opposite correlations. However, again, correcting for the different overall detection rates, all detection rates in the two samples are consistent with each other given the statistical error bars. Thus, we do not consider these differences to be significant. Consistently with Absil et al. (2013) , we find no significant correlation of the excesses with stellar age.
We conclude that except for the lower detection rate in the PIONIER sample, the results are consistent.
Merging the samples
Merging the samples in a rigorous way is only possible taking into account color information of the detected excesses or at least on a reasonably large sample of detections that can be used as a proxy. This information is not available at the moment. Thus, we only merge the two samples and analyze the merged sample in a preliminary way.
We see two possibilities for merging the two samples. One would be to simply consider all detections in the near infrared irrespective of the observing band and thus readily co-add the H and K band samples. This would not require any corrections. However, the two times larger number of stars in the PIONIER sample means that the resulting combined sample would be biased toward H band observations. The other possibility would be to correct for the lower detection rate in the PIONIER sample by multiplying all detection rates in one of the samples by a correction factor to match the rates of the other sample. The problem here is that this assumes that the difference in the overall detection rate is the only difference in the two samples that might not be true. As a consequence, the resulting sample cannot be considered to be representative of a pure H or K band sample either.
We decided to go for the first option by just adding up the two samples without any correction. A more sophisticated approach may be attempted later once the FLUOR sample has been extended to the same stellar flux limit as the PIONIER sample, and color information for a reasonably large sample of detections were obtained. Currently, the FLUOR sample is limited to stellar magnitudes down to K = 4. Observations to extend the sample to K = 5 are continuing. Attempts are in progress to constrain the near-infrared emission mechanism and temperature of exozodiacal dust through multi-wavelength data, taking advantage of PIONIER's K band capabilities.
For the merged sample, we used the same statistics as presented before for the PIONIER sample (Figs. 3, 4, 5, and 6 widely confirm the tentative conclusions from the statistics on the PIONIER sample alone. The decreasing detection rate from early-type stars toward late type stars becomes more significant, allowing for the conclusion that this is correct. The tentative conclusion that the presence of detectable cold and hot dust in the system is not correlated becomes much more obvious in the merged sample, albeit still with large statistical error bars. The tentative conclusion from the PIONIER data that older stars are more likely to harbor hot dust at a detectable level is confirmed. At least for the F-type stars, this correlation is clearly visible, and a χ 2 test yields a probability of 0.96 that there is a definite correlation, while this correlation is insignificant for the A-type and GK-type spectral bins, with probabilities of 0.56 and 0.87, respectively. Considering stars of all spectral types together, but keeping the age bins from the individual spectral type bins, the probability that there is a definite correlation is 0.98. The distribution of excess levels over stellar ages remains mostly unchanged. With the larger number of data points, the absence of a significant correlation becomes clearer. The tentative increase in excess levels with stellar age for A-type stars suggested by Absil et al. (2013) cannot be confirmed. This impression was mostly caused by one large excess at a high age (HD 187642, alf Aql), while the other detected excesses show no clear correlation. This remains a single case after increasing the number of targets observed by a factor of ∼3 and the number of detections by a factor of ∼2.
Summary and conclusions
We observed 92 nearby stars using VLTI/PIONIER in H band with the goal of searching for near-infrared bright circumstellar emission. This goal could be achieved for 86 main sequence stars. We reached a median sensitivity of 2.5 × 10 −3 (1σ) on the disk-to-star contrast for these stars. Significant extended circum- FGK-type, significant excess FGK-type, no excess A-type, significant excess A-type, no excess Fig. 13 . Excess due to exozodiacal dust as a function of stellar age for the merged sample. stellar emission has been found around nine targets, resulting in an overall broad band detection rate of 10.6 +4.3 −2.5 %. In addition, three tentative detection were found. The detection rate decreases with stellar spectral type from 15.4 +9.6 −4.6 % for A-type stars to 7.7 +8.6 −2.5 % for G and K type stars, similar to the known behavior of debris disks Bryden et al. 2006; Gautier et al. 2007; Eiroa et al. 2013 ). This suggests a common origin for both phenomena that may depend on the amount of solid bodies formed in planetary systems, which correlates with the stellar mass (Andrews et al. 2013) . Another correlation with the mass of the host star supporting this hypothesis is that of the giant -planet frequency (Johnson et al. 2007 ) that is consistently attributed to the mass of the erstwhile protoplanetary disk by planet formation models (e.g., Laughlin et al. 2004; Ida & Lin 2005; Kornet et al. 2006; Alibert et al. 2011) .
Our PIONIER sample allows only tentative conclusions on correlations between the incidence of hot circumstellar emission and other properties, such as the stellar age or the presence of a debris disk, because of the limited sample size. We attempted to merge the PIONIER sample and the CHARA/FLUOR sample first presented in Absil et al. (2013) in order to improve statistics. From the merged sample we find that there is no significant correlation between the presence of detectable exozodiacal dust and of a detectable debris disk. Furthermore, we find tentative evidence that the detection rate of hot exozodiacal dust increases with the age of the system. This is very surprising because any steady-state dust production mechanism from planetesimals (local or not) will remove those planetesimals from the system, thereby reducing the dust mass over time. The effect is most visible for the F type stars in our sample with a median age of 1.9 Gyr. This might indicate that the potential pile-up must occur on a Gyr time scale. That we do not see any significant increase in the excess levels for stars of increasing age suggests that there is a maximum amount of dust that can be trapped. We do not find any correlation of the detection rate of hot dust with the presence of known close-in planets, which seems to rule out the planetary trapping scenario, despite large statistical uncertainties. Further theoretical analysis of the proposed scenarios is necessary in order to investigate whether any of these scenarios is physically plausible.
We also analyzed the spectral behavior of the flux ratio of our targets in the H band. For our nine broadband detections, we can exclude neither hot thermal emission of the dust nor scattering of stellar light by small dust grains as the dominant source of excess. However, eight of our detections can be explained better by scattered light (a constant slope of the flux ratio with wavelength) than by thermal emission (resulting in an increase in the flux ratio with wavelength). This might suggest that, at least for these targets, scattered light makes a significant contribution to the total emission. In addition to the broad band detected excesses, we found three more tentative detections based on their spectral slopes being significantly different from zero. We did not include those detections in the statistics because they are uncertain. However, if real, the excess of these targets is clearly dominated by thermal emission. This diversity suggests a wide diversity of architectures of exozodiacal dust systems in contrast to the dust being significantly piled up at its sublimation radius for all systems.
The impact of exozodiacal dust on future planet-finding missions has been discussed in detail by Roberge et al. (2012) for direct imaging and by Defrère et al. (2010) for interferometric observations, both at optical and near-infrared wavelengths. Roberge et al. (2012) find that exozodiacal dust emission at levels of our own zodiacal dust can already significantly affect the detectability of an exo-Earth for direct imaging. Defrère et al. (2010) find similar, albeit slightly weaker, constraints for an interferometric mission. The exozodiacal dust systems detected in the present survey must have a much higher fractional luminosity, typically by a factor of ∼1000.
The high detection rate found already at this level suggests a significant number of fainter systems that are undetectable by our survey but still much brighter than zodiacal dust in our solar system. This might in general pose a significant obstacle for the search for exo-Earths. We can only put very limited constraints on the dust location in the detected systems. Earlier studies of single systems have concluded that the dust is probably very hot, close to the sublimation radius and thus not cospatial with potential exo-Earths (Defrère et al. 2011; Lebreton et al. 2013 ). In contrast, we find that the H band flux ratios of our detected systems exhibit a rather flat spectral slope, suggestive of scattered light emission.
Although not conclusive because of large uncertainties, if real, this might suggest that the dust in most systems is colder than previously expected. At the same time, without the spectral information in our data, scattered light emission could have been misinterpreted as very hot thermal emission in previous studies, placing the dust too close to the star. Multi-wavelength information on the detected excesses, e.g., through observations in H and K bands and detailed modeling of these data are needed to better constrain the dominating emission process and thus the dust location. This is particularly critical since assuming an analogy to our own zodiacal dust in order to constrain the dust distribution is neither necessarily valid nor particularly helpful. The latter is because our knowledge about the very hot dust content of our own zodiacal disk is very limited. Only more detailed characterization of the detected systems can lead to clear conclusions on the impact of the presence of these systems on the detectability of exo-Earths.
In particular, we find no correlation between the detections of our near-infrared detected systems and of cold debris disks. In contrast, a recent analysis of KIN data on debris disk host stars suggests that the dust detected in the mid infrared is related to, but not necessarily co-located with the cold dust in debris disks (Mennesson et al., subm.) . The dust detected by these observations is expected to be closer to the habitable zone. This suggests that the presence of dust in the habitable zone might be correlated more with the presence of cold dust than with the very hot and near-infrared detected dust found by our observations. Article number, page 15 of 20 data and photometry at a low spectral resolution. The V 2 data are corrected for the diameter of the target in order to obtain an estimate of the TF at the time of the observation. The science targets are included in this analysis to investigate the spectral type dependence of the effects studied. This is possible since we only expect a small fraction of our targets to exhibit extended emission beyond the stellar photosphere resulting only in a V 2 drop on the order of 1%. Thus, the whole sample can still be treated the same way as the calibrators. We fit a parabola to both the spectral shape of the TF and of the apparent flux obtained for each observation. From the data obtained in a seven-channel spectral resolution on β Pic (Defrère et al. 2011) , we find this to be a reasonable first-order approximation.
From the parabola fitted to the TF data in each spectral channel i, baseline j, and for each single observation k, we compute a relative change of the TF with wavelength at the center λ c,i of channel i:
Here, V 2 TF,i jk denotes the TF estimated by measuring the V 2 of a target and correcting for its diameter. Studying the dependence of α i jk on different factors reveals that the slope of the TF depends on the baseline j used (Fig. A.1 ). In addition, it varies from night to night if PIONIER has been re-aligned in between. It does not change significantly if no realignment was done. Thus, we conclude that it does not significantly change during a night either. Finally, it does not depend significantly on the color of the target (spectral type). As a consequence, we can compute a median slopeᾱ i j for each night, baseline, and spectral channel by averaging all observations, respectively.
From the parabola fitted to the spectral distribution of the apparent fluxes, we can compute an effective wavelength λ eff,ik (the barycenter of the spectral flux distribution) in each channel for each observation:
where ν is the wave number (i.e., 1/λ), and ν 0,i and ν 1,i are the upper and lower boundaries of the spectral channel i. The quantity λ eff,ik depends mostly on spectral type and alignment (night), but it is not expected to significantly depend on baseline or time during a night ( Fig. A.2 ). Finally, we correct for the chromaticism on a perobservation, per-spectral-channel, and per-baseline basis:
The corrections found are shown in Fig. A. 2. These corrections are applied to both calibrators and science targets, and the corrected V 2 of the science targets are calibrated with the TF measured on the corrected V 2 of the calibrators. The introduced correction suffers from idealization. Nonetheless, it gives a good first-order estimate of the magnitude of the chromaticism. We create two sets of calibrated data, only one of which includes the correction for chromaticism. From both data sets, we measure the excess as described in Sect. 3.7 and compare the results. The median difference between the flux ratios measured for single targets on the data with and without applying the correction is found to be 2 × 10 −4 . There is the expected trend from K to A type stars, which suggests that the correction works well. Besides a few cases where the correction failed owing to a bad representation of the spectral shape of the apparent flux or the TF by the parabola fitted (usually due to noisy data), the difference in the results is below 5 × 10 −4 , clearly negligible compared to our expected accuracy of a few 1 × 10 −3 (1σ). Night of 2012-07-25 
